position of the (110) Bragg reflection shows the feature of layer structure with a hexagonal unit cell a=b=2d(110)=0.302 nm. The basal interlayer distance (003) is calculated to be 0.762 nm, strongly indicating the intercalation of Clanions between the interlayer galleries. S1 Table S1 . Lattice parameters of NiAl-LDH.
Elemental analysis for NiAl-LDH.
Supplementary Table S2 lists the mass fraction of main elements. Metal element analysis was carried out using inductively coupled plasma optical emission spectroscopy (ICP-OES).Contents of C and H elements were measured using a Vario EL III in combustion mode in the range of 950-1200 °C . Figure S3 . The TGA-DTG curve of the as-synthesized NiAl-LDH from 30 to 800 °C.
The thermogravimetric analysis (TGA) was performed to assess the thermal stability of LDH nanoplatelets. In the TGA-DTG curve, two main regions of weight loss can be clearly observed. The weight loss in the first region (30-189 °C) can be attributed to some adsorbed water and interlayer water. The weight loss in the second region (189-800 °C) is mainly caused by the decomposition of OHin the layer. S2 Therefore, the nanoplatelets in an aqueous environment will be thermally stable throughout the experiment. The average linear speed is controlled by changing the frequency of reciprocation.
The friction coefficient of pure water and 0.5 wt% NiAl-LDH/OAm aqueous solution under different average linear speeds is displayed in Fig. S5 . It is clearly shown that the friction coefficients will have a rise during deceleration, and the NiAl-LDH nanoplatelet as lubricant additive still improves the tribological property at low speeds.
The friction coefficient of 0.5 wt% NiAl-LDH/OAm aqueous solution can keep around 0.1 when the average linear speed is higher than 12 mm/s. The diamond nanoparticles, whose TEM image is supplied in Fig. S7a, were obtained by explosive detonation. Through surface hydroxylation, the diamond nanoparticles take a good dispersion effect in water. The LDH microplatelets shown in Fig. S7b were synthesized by a co-precipitation method. The lateral size of platelets is ca. 3 μm and layer structure can be observed clearly.
The lubricating stage of water-based cutting fluid.
At the start of the test, the minimun film thickness can be calculated on the basis of Hamrock−Dowson theory by the formula S3
h min =3.63
where U= ηV/E'R, G = E', W=F/E ' R 2 , R (=2 mm) is the radius of the ball, V (≈24 mm/s) is the relative velocity of sliding surface, η (≈5.62 cP at 25 °C) is the bulk viscosity of fluid, α (≈2.5 GPa −1 S4,S5 ) is the viscosity-pressure coefficient, E′ is the effective modulus of elasticity, F is the normal load, and k (≈1) is the ellipticity. At final stage, because of the wear scar generated after friction test, the minimun film thickness can not be obtained directly by formula 1. However, here we consider the wear scar as the Hertz elastic deformation of a larger ball under the same normal force. S6 The radius of the equivalent ball (R') can be calculated as
where (≈0.025 mm) is the radius of Hertz contact area, ′ (≈0.16 mm) is the ridius of the wear scar. The lubrication regime can be determined by using the ratio of theoretical minimum film thickness to the combined surface roughness, which can be expressed by the formula S5,S7 λ = ℎ = ℎ ( 1 2 + 2 2 ) 0.5
( 3) where ℎ is the minimum film thickness in theory, is the composite surface roughness; 1 and 2 are the roughness of contacting surfaces. After calculation, if the ratio λ<1, the lubrication regime is boundary lubrication; if 1<λ<3, mixed lubrication; when λ>3, elastohydrodynamic lubrication (EHL) regime. S8 At initial stage, 1 =16.5 nm, 2 =10.9 nm. After calculation, the film thickness ℎ is about 1.02 nm, deducing that λ equals 0.051. It indicates that the initial lubrication stage is boundary lubrication. However, as 1 ′=11.9 nm, 2 ′ =6.11 nm after friction test, the estimated film thickness is 13.56 nm and the value of λ is about 1.013. Thus, the final stage is in the regime of mixed lubrication.
9. The characterization of NiAl-LDH after friction tests. Figure S9 . The TEM imagines of NiAl-LDH nanoplatelets after the friction test.
The TEM images of platelets after friction test in Fig. S9 show that they overlap with each other and the bottom particle even can be observed through the above one on account of their ultrathin feature, which are similar with the images reported by Hu et al. S9 and O'Leary et al. S10 , who delaminate LDHs in polar solvent under high shearing forces. It can be deduced that exfoliated sheets dispersed on the substrate are composed of limited layers (n<5).
